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Pratt & Whitney

Don Connell

CONCLUSION

Manage the problems

together (Government/Contractors)

Don't resist cultural change
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TYPICAL DESIGN SIMPLIFICATION IDEAS WHICH
REDUCE COSTS

ELIMINATE BOOST PUMPS

ELIMINATE FAIL-OP IN CONTROL SYSTEM

ELIMINATE THROTTLING AND CLOSED LOOP CONTROL

LOWER CHAMBER PRESSURE

ELIMINATE POWER HEAD/DUAL PREBURNERS (GG CYCLE)

COMBUSTION CHAMBER DESIGN SIMPLIFICATION

SSME CC Design [] Longitudinal Welds

/_""_ _ 4 Overlays+ 2 closures. [] _ [] Closu,res [(_)

® ®

[16 Parts & 32 WeldmentsJ

ALS CC Design
I_ tl _ c=_=.._,.=o _

6 Parts & 0 Weldments _ M_._ r_/_/t_ S_'t= A-A

enalUoeal_ A _ Channel __
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BASELINE- 1A COMBUSTION CHAMBER

Fuel
In

Fuel
Inlet

Diffusion
Bond

NARIoy
Fuel Slotted
Out Uner

4 Parts 0 Welds
Fuel
OUt

,,\
Electro Deposited
NI-Co 2rid Layer

Forged Electro Deposited
Inccmel NI-Co lel Layer

liquid
Interface
Diffusion
Bond

I Inconel 625

Casting

BASELINE - 1B COMBUSTION CHAMBER

Fuel In

Fuel Out

2 Parts 0 Welds

Vacuum Plasma

8prayed Narloy Z

Cast Inconel 626
Jacket & Inlet Manifold
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CASTINGS VS. MACHINED AND WELDED FORGINGS

__ One Piece INCO 718

Machin_ Casting
_J// -- _ Forgings

SSME Turbopump Volute IR&D Cast Volute

Cost Savings of >10:1 I

AUTOMATED INSPECTIONS AND
FUNCTIONAL CHECKS

Data Reduction & • Flush & Purge
Maintenance Decisions

S,Dquence__
Test

_ Rockwell Intmn_kmal

Automated
LeakChock

Visual Inspection

#
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Aerojet Propulsion Division

Roy Michel

Propulsion Division

Two Thirds Of Total Life Cycle Cost
Is Determined By The End Of Concept Design*

Cumulative
Percent
Of LCC

lOO

sC

0

9S%

,_'_y'_d Of Full 8c81e Development

70%J

Years

System Ufe Cycle

• Rlehman Asso¢lste8, Design To COal Seminal',- A_rojel 1077
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Our Approach To The TCA:
Maintain Flexibility

• Establish A Point Of Departure Design (a)

• Evaluate Competing Low Cost Designs/Approaches (b)

• Examine Technical And Process Issues And Alternatives (c)

• Select Final Approach Based On Rigorous Cost.Comparisons (d)

• Demonstrate The Final Concept At MSFC (e)

Phase1 (a)

I _A Time Now

(b) / (d)

I F_ekWnuy //_\ Phase 2

I I ("I
v Relladly Tradu

Modell_m|l

Phase 3 (e)

AFa:,_.,,mA T,,a A

Our Cost Model Embodies TQM

OFD Respond To Customer's Desire For:
Low Cost Design

: Understanding Of Factors Affecting Cost

Juran

TOM

SPC

Taguchi

Identify Avoidable And Unavoidable Costs

Evaluate, Early In The Design Process:

Form: Touch Labor And Material Costs To Manufacture
The Hardware

Fit: Manufacturing Process Yields

Function: "Warranty" Costs - Reliability And Spares
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Summary

• High Reliability And Low Cost Are Obtainable

- Inherent In Design And Manufacturing Processes:
Fewer Parts Advanced Processes
Low Cost Materials Reduced Inspection
Wider Margins Elficlent Manufacturing

• Contractors Are Committed

• TQM Is In

• Consortium + Government + Prime Contractors = Partnership

• Government Role Is Key
- Fix The Requirements
- Avoid Gold Plating
- Limit Specifications
- Maintain Funding And Schedule

Low Cost Approaches To
Engine Controller

• Modular, Flexible Architecture Results In 70°/. Decrease In
Controller Life Cycle Cost

• Standard Modules, Interfaces, Software

• Adaptable To Various Engine Requirements

,,.,-,.,.[r-t, l l

--[
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Low Cost Approaches To
Propellant Control Effector

• Electromechanical Activation

• Ox And Fuel Valve Commonality

. Integral Electronics

• Digital C_ntrol And interface
• Integral Valve Position Resolver

Low Cost Approaches To
Turbopump Design

• Two-Stage Pump

• Self-Compensating Hydrostatic Bearings

• Cast Turbine Manifold

• Cast Pressure Vessel

• Integrally Machined Turbine Hub And Blades (Blisk)

• LCF And HEE-Resistant Turbines

- No Coatings Or Platings

• Cast Impellers

• Reusable With Minimum Inspection And Refurb
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Injector Assembly and Subscale Chambers
Will Provide the Data Base for the 3-D Subscale

Implnglng Injector
Wo_rd_mo Chamber

• w/wo Ablallve Slablllly
• Bomb Tesllng

• Long Durellon Tests
Pellormlnco Tolling

P.,_lo_l_ (_l_l_r

w/wo L' S4¢Uon
Heal Flux Profll4
FFC Effects

L"

.4J_laUVoChimlxNr
Nozzle

• Sl41bllily
I_mons_rallon
-_nnb
• F_.+elTemlmrOlm'e
.ch_l

Impinging Element Injector Offers Lower Cost
and Acceptable isp
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Concurrent Engineering Design Approach
Addresses All Major Design Objectives

• Downstream Functions Actively Participated in The Design Process

Suppliers Reliability
ProduciblUty Salety
QA ILS

• Approach To High Reliability Formulated

• Approach To Low Cost Formulated

• Cost Model Constructed

Ongoing Advanced Development Programs Are
Focused On High Reliability And Low Cost

• Combustion Devices

- Thrust Chamber Assembly
- Gas Generator Assembly

• Hydrogen Turbopump Assembly

• Propellant Control Effector (GGA Valve)

• Engine Controller

1301


